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(54) Title: CELL SEPARATION DEVICE AND IN-LINE ORIFICE MIXER SYSTEM 
(57) Abstract 

A fluid separation device and in-line orifice mixer system is disclosed. The fluid 
separation device utilizes a syringe (10), which is used for obtaining a fluid sample 
such as blood, in a centrifugation device; and further utilizes the syringe as a source 
of a separated fluid portion for storage and transfer for subsequent applications ITie 
syringe containing the separated portion source, and a second syringe (50) containing 
a second source, are connected to the in-line orifice mixer device. The mixer device 
(44) comprises a plurality of orifice walls (58) each providing an orifice nonaligned with 
adjacent orifices to homogeneously mix the plurality of components. The mixer device 
may further comprise an exit orifice wall with one or more orifices for discharge of the 
homogeneous mixture. 6 
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CELL SEPARATION DEVir* Mm ™_ TT NE qr TFT PR mtvpd o V ^ rn 

FIELn QP TOP T NVENT T OM 

The present invention generally relates to a 
5 syringe-based fluid separation and mixing system, however, 
various components of the invention may be used apart from 
the system as described herein. More specifically, the 
present invention relates to a method and apparatus for 
centrifugation using a single syringe for obtaining a 
10 biological or other fluid sample and separating suspended 
flocculents therefrom. An example of such an application is 
using the syringe to obtain a blood sample and to separate 
plasma and cells. m the preferred embodiment, the syringe 
containing the separated plasma may be used alone or in a 
15 dual syringe apparatus with an in-line orifice mixer system 
whereby a plurality of components can be homogeneously mixed 
and then expelled from a single apparatus. 

BACKGROTTN n OF THR INVENT TON 

20 The process of obtaining a biological or other 

fluid sample such as blood and the subsequent centrifugation 
process generally requires multiple steps and devices, 
including the" transferring of the sample from the syringe 
used to obtain the sample to a separate centrifugation 
25 syringe. These steps increase the overall inconvenience, 
costs, and time necessary to perform the procedure by 
requiring handling by medical personnel and the sterilization 
and use of multiple devices. m addition, risks of 
contamination of the sample and/or infection of the medical 
30 personnel are increased as the amount of handling and the 
number of devices used are increased. 

The application of the separation and mixing system 
described below uses, merely as an example, blood as the 
fluid sample. After a centrifugation process of blood 
35 separated plasma may be mixed with a coagulation solution 
from another syringe into a mixer. The resulting multi- 
component mixture can be used as a mixed tissue adhesive for 
seamlessly or seam- support ingly connecting human or animal 
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tissue or organ parts, for sealing wounds, stopping bleeding 
and the like. For applications such as sealing cerebrospinal 
fluid leakage, a very high degree of homogeneity of the 
multi -component mixture is desirable and often necessary due 
5 to high pressure transients. Thorough mixing of sealant 
components is desirable to maximize strength of the 
polymerized sealant. However, prior art mixers generally do 
not achieve a sufficient level of mixing in a fast enough 
time, especially where the viscosity ratio between the two 

10 components is relatively high. 

A common prior art mixer is a helical mixer whose 
primary type of flow is a shear flow. An example of a 
similar method for mixing multi -part compositions is 
disclosed in U.S. Patent No. 5,328,462 to Fischer, which 

15 utilizes the rotation of a mixer element within a syringe 
barrel to mix components. 

After mixing the components, the mixture is then 
discharged from the mixer. Most prior art and commercial 
pressure nozzles are of the swirl-type that must first 

2 0 produce a centrifugal velocity on the mixture immediately 
prior to its being discharged from the exit orifice. The 
prior art helical mixer accomplishes this by forcing the 
mixture into a swirl chamber, sending the mixture through 
spiral channels, and imparting a circular motion superimposed 

2 5 onto the axial velocity of the mixture. Thus, a helical 

mixer or a separate swirling mechanism must be used to effect 
the swirl-type method of discharging the mixture. 

SUMMARY OF THE INVENTION 

30 In view of the above problems and disadvantages of 

the prior art, it is an object of the present invention to 
provide a single apparatus for blood withdrawal and 
centrifugation in order to decrease handling by medical 
personnel, to reduce risks of contamination, and to reduce 

35 the number of devices necessary for the process in. order to 
minimize costs. 

- 2 - 
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It is a further object of the present invention to 
provide a method of achieving a more homogenous mixing of 
components with a relatively high viscosity ratio than that 
achieved by the shear flow induced by prior art mixers. 
5 It is yet a further object of the present invention 

to provide a method of ejecting the multi-component mixture 
without the use of a helical mixer or a separate swirling 
mechanism . 

The separation and mixing system of the present 
10 invention is described herein in terms of utilizing blood as 
the fluid sample. However, other biological and non- 
biological fluid samples may readily be used in the 
separation and mixing system as will be apparent to those 
skilled in the art . 

15 The centrifugation syringe and in-line orifice 

mixer system of the present invention comprises a single 
apparatus for blood withdrawal and cell separation and a 
second apparatus for a more homogeneous mixing of a multi- 
component substance. Specifically, a standard syringe 

20 preferably containing an anticoagulant is used to withdraw 
blood and the needle is removed from the syringe. The 
syringe is then fitted into a cell separator and placed into 
a centrifuge and centrifuged. After centrifugation, the 
separated plasma remains in the syringe with the syringe 
25 serving as a source of plasma in the in-line orifice mixer 
system. 

The orifice mixer system of the present invention 
comprises a syringe assembly which accommodates one or more 
syringes, each containing a source for a component of the 

30 multi-component mixture. The syringe assembly is attached to 
a manifold such as a Y connector which is in turn attached to 
the in-line orifice mixer and nozzle. With the orifice mixer 
system, a medical personnel can simultaneously force a 
protein solution from one syringe and a coagulation solution 

35 from another syringe into the in-line orifice mixer. A 
homogeneously mixed multi -component substance such as a 
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tissue adhesive or biological sealant would then exit the 
orifice mixer and nozzle. 

The in-line orifice mixer comprises a plurality of 
orifice plates each providing one or more orifices. The 
5 orifice mixer is advantageous in that it generates a high 
extensional and low rotational fluid flow and subjects the 
fluid to continual reversals in the extension direction 
resulting in repeated alternating extensional and 
compressional flow. Specifically, in an orifice mixer, 
10 extensional flow is generated as fluid is accelerated from a 
relatively large cross-sectional area of a region before an 
orifice plate through the constriction of an orifice. After 
passing through an orifice, the fluid experiences a region of 
compressional flow. Thus, an extensional flow is created at 
15 an orifice entrance and a compressional flow is created at an 
orifice exit region, resulting in the desirable repeated 
alternating extension-compression flow. As a result, an 
orifice mixer can achieve a more homogeneous mixing of a 
plurality of components, even where the components have a 
20 relatively high viscosity ratio. 

One method of delivering the mixture from the mixer 
of the present invention to a target area is to eject the 
mixture through a spray nozzle. An alternative to the swirl - 
type spray nozzle is preferred and an elliptical or 
25 noncircular orifice spray nozzle is one such alternative. 
Due to the nonuniform stresses caused by a noncircular 
orifice, atomization may occur without a swirl chamber. 
However, a fan- shaped, conical, rather than circular, spray 
would result. Thus, if a sheet spray is acceptable, a 
30 simple, noncircular exit orifice can be used that would avoid 
the need of a swirl section. One embodiment of the present 
invention provides an elliptical orifice preferably disposed 
in the center of the last orifice plate of the orifice mixer 
to serve as an elliptical spray nozzle. Alternatively, the 
35 last orifice plate may provide multiple orifices and/or 

orifices of other shapes, such as slots. Nonspray methods of 
delivering the mixture from the mixer to a target area may 
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also be used, such as by attaching the mixer to one end of a 
cannula, catheter, or endoscopic device. 

BRIEF DESCRIPTIO N pp THP DRAWINGS 
5 FIG. 1 is a side view of a standard syringe; 

FIG. 2 is a partial cross -sectional view of a cell 
separator with the syringe of fig. i before centrifugation, 
according to a preferred embodiment of the present invention 
FIG. 3 is a partial cross-sectional view of the 
10 cell separator of FIG. 2 after centrifugation; 

FIG. 4 depicts an alternative syringe body end; 
FIG. 5 is a side view of a dual syringe mixer 
assembly, according to a preferred embodiment of the present 
invention; 

15 , FIG - 6 is a cross-sectional view of an in-line 

orifice mixer according to the invention; 

FIG. 7 is a top view of an orifice plate of the in- 
line orifice mixer of FIG. 6; 

FIG. 8 is a top view of an exit orifice plate of 
20 the in-line orifice mixer, according to the preferred 
embodiment of the present invention; and 

FIG. 9 is a cross -sectional view of an in-line 
orifice mixer according to an alternative embodiment of the 
present invention. 

25 

DETAILED DESCRTPTTn N OF THB INVENTTOM 

As shown in FIG. 1, a standard syringe 10 for use 
with the present invention includes syringe body 12, needle 
fitting 14, needle 16, handle 18, and plunger 20. Syringe 10 
30 operates in a known manner to draw a blood sample from a 
patient. Preferably, syringe 10 contains an anticoagulant 
such as sodium citrate, heparin or EDTA. 

Referring to FIG. 2, standard syringe 10 has been 
used to draw blood sample B from a patient and the blood 
35 sample is contained therein. Needle 16 has been removed and 
syringe 10 is ready to be placed into cell separator 22 by 
guiding syringe 10 along syringe guide members 32 and by 
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mating needle fitting 14 with syringe fitting 30. 
Alternatively, tubular body 24 may be dimensioned such that 
syringe guide members 3 2 are not necessary to guide syringe 
10 into cell separator 22. Fitting 30 is mounted on fixed 
5 barrier 28 within tubular body 24. Fitting 30 permits 
passage of cells through the fixed barrier and into a cell 
space 33 (see FIG. 3) which is created when moveable plunger 
26 of separator 22 moves downward during centrifugation. 
Mating fittings 14 and 30 may be selected from commercially 

10 available fittings. Cell separator 22 can be conveniently 
made by modifying a standard syringe (larger in size than 
syringe 10) according to the teachings contained herein. 
Syringe handle 18 may be removed depending on the 
requirements of the centrifugation device to be used. 

15 After assembly, as shown in FIG. 3, the syringe- 

cell separator assembly is then placed into the 
centrifugation device and centrifuged. During 
centrifugation, heavier cells C separate and move through 
syringe fitting 30 into cell space 33 defined between fixed 

20 barrier 28 and movable plunger 26. Simultaneously, both 
syringe plunger 20 and movable plunger 26 of separator 22 
travel by centrifugation force toward stop members 34. Stop 
members 34 are positioned to control the volume of material 
which passes through syringe fitting 3 0 into cell space 33 

25 during centrifugation in order to prevent loss of plasma. 
The final volume of cell space 33 thus can be controlled as 
desired to obtain particular results in different 
applications . 

After centrifugation, plasma P remains in syringe 

30 body 12. Syringe 10 can then be removed from syringe fitting 
30. In addition, syringe handle 18 may be reattached to 
syringe 10 to remove plasma P from syringe body 12. In order 
to remove cells C for use in other applications, additional 
handle 18A may be attached to fitting 36 on plunge 26 to 
35 permit expulsion of the cells through fitting 30. 

Alternatively, cells C can remain captive within cell 
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separator 22 which may be discarded with minimal risk of 
contamination to the medical personnel. 

Standard syringes frequently include a relatively 
sharp interior corner 51 in syringe body 12 where diameter of 
5 body 12 decreases from that of syringe plunger 20 to that of 
needle fitting 14 . The sharpness of interior corner 51 can 
cause a residual deposit of cells R after cell separation by 
centrifugation, as shown in FIG. 3. In applications where 
residual deposit of cells R may be undesirable, alternative 
10 syringe end 52, as shown in FIG. 4, may be used. Alternative 
syringe end 52 provides a continuous gradient resulting in a 
gently curved syringe body wall 54 leading to needle fitting 
14 to eliminate the corner where cells may tend to stick. 

As shown in FIG. 5, syringe 10 containing plasma P 
15 may be placed in dual syringe applicator 4 0 by attaching 
needle fitting 14 to a manifold, such as Y connector 42, at 
syringe fitting 48a. Second component syringe 50 can be 
similarly attached to Y connector 42 at syringe fitting 48b. 
Examples of second components are calcium ion, thrombin, or 
20 other procoagulants . In a preferred embodiment, second 
component S is a thrombin-collagen component which, when 
properly mixed with plasma P, creates a bio-compatible 
adhesive. Y connector 42 connects the outlets of syringe 10 
and second component syringe 50 to the inlet 56 of orifice 
25 mixer 44. Thus, plasma P and second component S are 

simultaneously forced through Y connector 4 2 into orifice 
mixer 44 via mixer inlet 56. The dual syringe Y-connector 
and various associated fittings thus far described are known 
components which may be configured by a person of ordinary 
30 skill in the art. For purposes of brevity, the discussion 
contained herein is principally directed to the use of two- 
component systems. Nevertheless, it is easily understood by 
one skilled in the art that the methods 8 apparatus of the 
present invention can accommodate systems with more than two 
3 5 component s . 

Orifice mixer 44, according to the present 
invention will be described in greater detail. As previously 
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discussed, common prior art helical mixers primarily induces 
shear flow. The shear flow is composed of an equal 
proportion of two basic flow types: elongational or 
extensional flow and rotational flow. It is the extensional 
5 flow component which causes component mixing by effecting 
fluid droplet deformation and break-up. In contrast, the 
rotational flow component inhibits droplet deformation by 
rotating an extended droplet into a state of compression. 
Where the two components to be mixed have a relatively large 

10 viscosity ratio, as in the case of the high viscosity 

collagen composite material and the low viscosity plasma, use 
of a shear flow may be ineffective in producing the desirable 
high level of droplet break-up and mixing. Therefore, in 
contrast to a shear flow, a flow that is minimally rotational 

15 and highly extensional would be more efficient and effective 
in achieving mixing of components with a high viscosity 
ratio . 

In addition, subjecting the fluid mixture to 
continual reversals in the extensional direction resulting in 
20 repeated alternating extensional and compressional flow can 
greatly improve the rate of droplet break-up and mixing. 
Such repeated alternating extension-compression amplifies 
droplet break-up and mixing as it serves to extend, fold, and 
break fluid filaments. Accordingly, orifice mixer 44 of the 
25 present invention simultaneously produces a minimally 
rotational highly extensional flow as well as a repeated 
alternating extension-compression flow. 

Referring to FIGS. 7 and 8, orifice mixer 44 
contains a plurality of orifice plates 58, each disposed a 
30 distance from one or more adjacent orifice plates. For 
example, orifice mixer 44 may be a stainless steel syringe 
coupling (luer lock design) comprising a tube of inner 
diameter 4.3mm and length 7mm. Each orifice plate 58 
provides one or more orifices 60. Orifice plates 58 may be 
35 plastic with different orifice sizes such as 0.5mm, 0.75mm, 
and 1.0mm. Orifice plates 58 may be integrally formed, such 
as by injection molding, so that orifice plates 58 are 
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interconnected by one or more coupling members (not shown) 
along edges of orifice plates 58. Orifice plates may then be 
placed within mixer 44 such that the coupling members are 
along length of mixer 44. Orifice plates 58 may also be 
5 separately formed. Alternatively, a portion of each orifice 
plate 58 may be integrally formed with a portion of body of 
mixer 44 such that two or more of the plate -body portions 
combine to form mixer 44 . 

Orifice 60 may be located at the center of orifice 
10 plate 58 or offset from the center by, for example, 1mm, 
depending on plate size. Preferably one or more of the 
orifices 60 of each orifice plate 58 do not align with the 
one or more adjacent orifices 60 of the one or more adjacent 
orifice plates 58. Non-alignment of orifices 60 avoids 
15 channeling of the mixture from one orifice to the next. As 
components P and S are forced through orifice plates 58, 
components P and S are mixed, resulting in a homogenous mix 
of tissue adhesive. 

As shown in FIGS. 6 and 8, orifice mixer 44 may 
20 also contain exit nozzle 46. Exit nozzle 46 contains exit 
orifice plate 62. with one or more elliptical exit orifice 64. 
Thus, a homogeneous mix of components P and S is forced 
through exit orifice 64 and exits exit nozzle 46 in an 
aerosol or near-aerosol form. The elliptical shape of the 
2 5 orifice is preferred for use with the orifice plate mixer due 
to the lack of spiral motion of the mixed fluid. Alternative 
embodiments of exit orifice plate 62 (not shown) provides 
multiple exit orifices and/or exit orifices of other shapes, 
such as slots. Alternatively, orifice mixer 44 may be placed 
30 at one end of a cannula, catheter, or endoscopic device in 

order to deliver a homogeneous mix of components P and S from 
orifice mixer 44 to a target area. 

In an alternative embodiment shown in FIG. 9, one 
or more orifice plates 58 are coated with a third component 
35 X, and thus orifice mixer 44' can also serve as a source of 
component. As a result, when the first component is forced 
from syringe 10 through orifice plates 58, component X, 
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miscible and soluble with component P, is quickly mixed into 
component P . Substances which may be useful as component X 
include catalysts, crosslinkers such as activated 
multifunctional polyethylene glycol (PEG) , therapeutic agents 
5 such as antibiotics and therapeutic growth factors, or other 
biomaterials that may be suspended or dissolved into a 
flowable form. In yet another alternative embodiment, one or 
more orifice plates 58 can be made of a catalytic material or 
modified to be catalytic in order to initiate polymerization. 

10 In these embodiments, it may be desirable to utilize syringe 
10 with mixer 44' alone where the only additional component 
to be mixed with the first component is compatible with such 
an application. In this case, mixer 44' may be adapted to 
mate directly with needle fitting 14 . 

15 Although various embodiments of the present 

invention have been described, the descriptions are intended 
to be merely illustrative. Thus, it will be apparent to 
those skilled in the art that modifications may be made to 
the embodiments as described without departing from the scope 

20 of the claims set forth below. In particular, the various 
components of the invention described herein may be used 
separately or apart from other components, or in different 
combinations, without departing from the invention. 

25 



30 

! 

1 

\ 
j 

35 \ 

i 

f 

•i 
I 

I 

- 10 - 1 



^SDOCID: <WO 9818518A1J_> 



WO 98/18518 



PCT/US97/19704 



What is claimed is: 

material from A T" T -parating fluid and 

material from a sample and mixing and dispensing fluid 
comprising: s U1Q ' 

5 a syringe having a syringe body with a fitting at 

an end adapted to receive a syringe needle and to L a 

sample including fluid and material to be separate' ld 
suffio' / SSParat0r a8s ^y comprising, a hollow body of 

10 for se^ n r:: to receive the syrin * e ^ — 

■ XteHo Syrin9S b ° dy ^ h ° ll0W b ° dv — -ans 

adapted to communxcate with the syringe to receive material 
from the syringe when separated by centrif ugation 

2 ' ThS Systetn according to claim 1 wherein fh. 
IS means to receive m a h«,-;=T . wnerexn the 

within the hoi T tT COm P ris es first and second walls 

to define ?** ^ °™ ^ is —abl 

to defxne an expandable space for receiving material 



e 



20 first wall'!, ^/^^ —ding to claim 2 wherein the 

slides t l, . t0 hOU ° W b ° dy 3nd the -«nd wall 

slides within the hollow body. 

™ m • • 4 * ^ SyStSm accordin £T to claim 3, further 
comprising at least one stop member positioned within the 

defx^e a" "* "^"^ ^ th. sliding wall to 

spac" PrSdetermined <~ volume for the expandable 

30 securing me'ans ^ to wherein the 

ecurxng means comprxses a fitting mounted on one of the 
walls, said fitting configured atl H ^ 

the SV rin no nri 9 ure <* and dimensioned to mate with 

cne syrxnge fxttxng to suDnor-t- t->,= „ 

of material support the syringe and permit passage 

ox material into the expandable space. 

35 6 * The astern according to ola-im c u 

securing * « 3 co claxm 5, wherein said 

t>ecurxng means further comnri = 

comprxses a guxde member positioned on 
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the hollow body to guide and support the syringe body in the 
hollow body. 

7. The system according to claim 2, further 

5 comprising a handle member attachable to the moveable wall 
for expelling material from the expandable space. 

8 . The system according to claim 1 , further 
comprising a mixing member adapted to communicate with the 

10 syringe fitting for receiving and mixing fluid therefrom. 

9 . The system according to claim 8 wherein the 
mixing member comprises a tubular body member with a 
plurality of parallel walls extending transversely across the 

15 interior of the body member, each wall defining at least one 
hole, said holes being generally nonaligned so as to provide 
a tortuous path for fluid passing through the mixing member 
and thus impart a mixing effect to the fluid. 

20 10. The system according to claim 9, further 

comprising a manifold adapted to be mounted between the 
syringe fitting and mixing member to provide " fluid 
communication with a second syringe containing a second fluid 
such that fluids from two syringes are mixed in the mixing 

25 member. 

11. The system according to claim 9 wherein at 
least one of said parallel walls is provided with a substance 
on its surface such that fluid from the syringe is mixed with 

30 the substance upon passing through the mixing member. 

12 . A system for selectively separating a first 
substance and a second substance from a sample and mixing and 
dispensing the first substance, comprising: 

35 a syringe having a syringe body with a fitting at 

an end adapted to receive a syringe needle and to contain a 
sample to be separated; 

- 12 - 
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a separator assembly comprising, 

an elongate tubular body with at least one open end 
configured and dimensioned to receive the syringe body 

5 HIT SUCh tUbUl3r b ° dy SUPP ° rtS the 

a fixed wall positioned within the tubular body 
a fitting member mounted on the fixed wall adapted 
to recede the syringe fitting and permit passage of the 
second substance through the fixed wall; 
10 * sliding wall mounted in the 'tubular body in 

sealing contact with the tubular body to define a chamber 
between said walls having a variable volume; and 

a mixing member configured and dimensioned to be 

mounted m communication with the syrinae fit-Hn,, -~ 
ic . oyixnge rictmg to receive 

15 the first substance from the syringe for mixinc „•„ 

m^mhov . . y 9e ror mj -xing, said mixing 

mender composing a tubular body member wich a plurality J 

r r t V UbStantiaUy Pa " Xlel " allS ««=«""«W transversely 
acres, the interior of the body member, each wall defining at 
least one hole, said holes being generally nonaligned so as 

thrrLTth" 3 t0 " U0US SUb — P^ing 

tnTfluid mlXln9 ^ thUS imPart * miXin9 ef£e « '° 

, 5 „„„ . . 13 • ThS eystem ac =«ding to claim 12, further 
comprising a manifold adapted to be mounted between the 
syringe fitting and mixing member to provide fluid 

suTthaTtT ; lth 3 SeC ° nd Syrin9S * -terial 

such that the first substance and the material are mixed in 
the mixing member. 

30 

cells en' 4 ' ^ aPParatUS f ° r -Plating blood plasma and 
cexis , comprising : 

an elongate tubular body with at least one open 



end; 
35 



a fixed wall positioned within the tubular body; 
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a fitting member mounted on the fixed wall adapted 
to receive a syringe fitting and permit passage of fluid 
through the fixed wall; and 

a sliding wall mounted in the tubular body in 
5 sealing contact with the tubular body to define a chamber 
between said walls having a variable volume. 

15. The apparatus according to claim 14, wherein 
the tubular body open end is configured and dimensioned to 

10 receive a syringe therethrough and the tubular body supports 
the syringe when received on the fitting member. 

16. The apparatus according to claim 14 further 
comprising at least one stop member cooperating with the 

15 sliding wall to provide a predetermined maximum volume for 
the chamber . 

17. A fluid separation apparatus, comprising: 
a tubular member adapted co be centrifuged and 

20 capable of receiving a syringe-like device which contains a 

source fluid; 

a first barrier disposed inside the tubular member 

to retain a first separated portion of the source fluid 

within the first body member, wherein the first barrier 

25 provides an opening for passage of the first separated 

portion from the syringe-like device upon centrif ugation; and 

a second barrier slidably disposed within the 

tubular member opposite the first barrier to define an 

expandable chamber for receiving the first separated portion. 



30 



18. The apparatus according to claim 17, further 
comprising stop means for stopping the sliding of the second 
barrier so as to provide a predetermined maximum volume for 
the expandable chamber and first separated portion received 
35 therein. 
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19. The apparatus according to claim 17, wherein 
the f.rst barrier includes a fitting opposite the expandable 
chamber for securing a syringe-like device. 

5 20. An in-line mixer for homogeneously mixing 

fluid components, comprising: 

a body member, wherein the body member has a length 
and an xnlet for receiving at least one component fluid; and 
a plurality of at least substantially parallel 
10 orifice defining, walls disposed inside the body member ' 
generally transverse to the direction of fluid flow and 
spaced along the length of the body member; 

wherein each orifice defined by said walls is non- 
aligned relative to orifices of adjacent walls. 

1 5 

21. The in-line mixer according to claim 20, 
wherein said walls are separate members placed within said 
JDody member. 

20 u 22 ' The in " lin e mixer according to claim 20, 

wherein said orifice defining walls are integrally formed in 
a one piece element. 

23 ' The in-line mixer according to claim 20 
25 wherein at least one orifice defining wall i s coated with a 
material mixable with fluid passing through the 



mixer . 



24. The in-line mixer according to claim 20 
wherein at least one orifice defining wall is made of a 

30 -talytic material capable of initiating polymerization with 
tluid passing through the mixer. 

25. The in-line mixer according to claim 20, 
further comprising a wall defining one or more exit orifices 

35 at an end of the body member, wherein said wall is at least 
substantially parallel to said orifice defining walls. 
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26. The in-line mixer according to claim 25, 
wherein at least one of the one or more exit orifices is 
elliptical . 

5 27. The in-line mixer according to claim 20, 

wherein a catheter is placed at one end of the body member. 

28. A method for separating fluids into component 
fractions of varying densities, comprising the steps of: 
10 collecting a source fluid in a first body member; 

attaching the first body member to a second body 
member so as to provide fluid communication between the body 
members ; 

centrifuging the body members together to separate 
15 the source fluid into a first fraction having a greater 
density and a second fraction; 

collecting and retaining the first fraction in the 

second body member; and 

retaining the second fraction in the first body 

20 member. 

29. The method according to claim 28, wherein the 
second body member defines a chamber having a variable volume 
for receiving the first fraction, said volume being 

25 expandable in response to the centrifuging. 

30. The method according to claim 29, further 
comprising the step of controlling the amount of fluid 
entering the second member chamber by limiting expansion of 

30 the chamber volume. 

31. The method according to claim 29, wherein: 
the first body member comprise a syringe with a 

needle ; 

35 the collecting step comprises drawing the source 

fluid into the syringe; and 
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the attaching step comprises removing the syringe 
needle and securing the syringe to the second body member and 
in fluid communication with the chamber. 



5 



32. The method according to claim 28 further 
comprising mixing at least one of the first and second 
separated fractions with a third substance, wherein said 
mixing comprises forcing the separated fraction through a 
tortuous path defined by series of walls having non-aligned 

10 orifices for passage of substances therethrough. 

33. The method according to claim 32 wherein said 
mixing further comprises combining the separated fraction 
with a fluid third substance in connection with said forcing. 



15 



20 



34. The method according to claim 32 wherein said 
mixing further comprises coating at least one of said walls 
with the third substance and contacting the third substance 
and separated fraction during said forcing. 



35. A method for homogeneously mixing a multi- 
component mixture, comprising forcing said components to flow 
together through a tortuous path defined by a series of walls 
having non-aligned orifices for passage of components 

25 therethrough. 

36. The method according to claim 35, further 
comprising the step of creating at least a partial aerosol by 
discharging the mixed components through one or more exit 

30 orifices. 

37. The method according to claim 36, wherein at 
least one of the one or more exit orifices is elliptical. 

35 38. A method for selectively separating a sample 

and mixing and dispensing a separated portion of the sample, 
comprising the steps of: 
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inserting a first syringe containing the sample 
into a body member, wherein the body member provides a 
fitting at an end adapted to receive a first separated 
fraction of the sample from the syringe; 
5 separating the sample into the first separated 

fraction and a second separated fraction, wherein the first 
separated fraction flows through the fitting into the body 
member and the second separated fraction remains in the 
syringe ; 

10 removing the first syringe containing the second 

separated fraction; 

providing a second syringe containing a third fluid 

component ; and 

forcing the second separated fraction and third 
15 fluid component from the syringes to flow together through a 
tortuous path defined by a series of walls having non-aligned 
orifices for passage of said fluids therethrough. 



20 



25 



30 



35 
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. CELL SEPARATION PEVTCE AND TN-T.tm ^ ORIFICE MIXER fiv.gTBM 

FIELD OF THE INVENT TON 

The present invention generally relates to a 
5 syringe-based fluid separation and mixing system, however, 
various components of the invention may be used apart from 
the system as described herein. More specifically, the 
present invention relates to a method and apparatus for 
centrifugation using a single syringe for obtaining a 
10 biological or other fluid sample and separating suspended 
flocculents therefrom. An example of such an application is 
using the syringe to obtain a blood sample and to separate 
plasma and cells. In the preferred embodiment, the syringe 
containing the separated plasma may be used alone or in a 
15 dual syringe apparatus with an in-line orifice mixer system 
whereby a plurality of components can be homogeneously mixed 
and then expelled from a single apparatus. 

BACKGROTTND OF THF INVENT TON 

20 The Process of obtaining a biological or other 

fluid sample such as blood and the subsequent centrifugation 
process generally requires multiple steps and devices, 
including the- transferring of the sample from the syringe 
used to obtain the sample to a separate centrifugation 

25 syringe. These steps increase the overall inconvenience, 
costs, and time necessary to perform the procedure by 
requiring handling by medical personnel and the sterilization 
and use of multiple devices. m addition, risks of 
contamination of the sample and/or infection of the medical 

30 personnel are increased as the amount of handling and the 
number of devices used are increased. 

The application of the separation and mixing system 
described below uses, merely as an example, blood as the 
fluid sample. After a centrifugation process of blood, 

35 separated plasma may be mixed with a coagulation solution 
from another syringe into a mixer. The resulting multi- 
component mixture can be used as a mixed tissue adhesive for 
seamlessly or seam- support ingly connecting human or animal 
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tissue or organ parts, for sealing wounds, stopping bleeding 
and the like. For applications such as sealing cerebrospinal 
fluid leakage, a very high degree of homogeneity of the 
multi-component mixture is desirable and often necessary due 
5 to high pressure transients. Thorough mixing of sealant 
components is desirable to maximize strength of the 
polymerized sealant. However, prior art mixers generally do 
not achieve a sufficient level of mixing in a fast enough 
time, especially where the viscosity ratio between the two 

10 components is relatively high. 

A common prior art mixer is a helical mixer whose 
primary type of flow is a shear flow. An example of a 
similar method for mixing multi-part compositions is 
disclosed in U.S. Patent No. 5,328,462 to Fischer, which 

15 utilizes the rotation of a mixer element within a syringe 
barrel to mix components. 

After mixing the components, the mixture is then 
discharged from the mixer. Most prior art and commercial 
pressure nozzles are of the swirl-type that must first 

2 0 produce a centrifugal velocity on the mixture immediately 

prior to its being discharged from the exit orifice. The 
prior art helical mixer accomplishes this by forcing the 
mixture into a swirl chamber, sending the mixture through 
spiral channels, and imparting a circular motion superimposed 
25 onto the axial velocity of the mixture. Thus, a helical 

mixer or a separate swirling mechanism must be used to effect 
the swirl -type method of discharging the mixture. 

SUMMARY OF THE INVENTION 

3 0 In view of the above problems and disadvantages of 

the prior art, it is an object of the present invention to 
provide a single apparatus for blood withdrawal and 
centrif ugation in order to decrease handling by medical 
personnel, to reduce risks of contamination, and to reduce 
35 the number of devices necessary for the process in. order to 
minimize costs . 

- 2 - 
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It is a further object of the present invention to 
provide a method of achieving a more homogenous mixing of 
components with a relatively high viscosity ratio than that 
achieved by the shear flow induced by prior art mixers . 
5 It is yet a further object of the present invention 

to provide a method of ejecting the multi-component mixture 
without the use of a helical mixer or a separate swirling 
mechanism. 

The separation and mixing system of the present 
10 invention is described herein in terms of utilizing blood as 
the fluid sample. However, other biological and non- 
biological fluid samples may readily be used in the 
separation and mixing system as will be apparent to those 
skilled in the art. 

15 The centrifugation syringe and in-line orifice 

mixer system of the present invention comprises a single 
apparatus for blood withdrawal and cell separation and a 
second apparatus for a more homogeneous mixing of a multi- 
component substance. Specifically, a standard syringe 

20 preferably containing an anticoagulant is used to withdraw 
blood and the needle is removed from the syringe. The 
syringe is then fitted into a cell separator and placed into 
a centrifuge and centrifuged. After centrifugation, the 
separated plasma remains in the syringe with the syringe 
25 serving as a source of plasma in the in-line orifice mixer 
system. 

The orifice mixer system of the present invention 
comprises a syringe assembly which accommodates one or more 
syringes, each containing a source for a component of the 

30 multi-component mixture. The syringe assembly is attached to 
a manxfold such as a Y connector which is in turn attached to 
the a-hne orifice mixer and nozzle. With the orifice mixer 
system, a medical personnel can simultaneously force a 
protein solution from one syringe and a coagulation solution 

35 from another syringe into the in-line orifice mixer 
homogeneously mixed mult i- component substance such as 



A 
a 



- 3 - 



WO_9818S18A1_IA> 



WO 98/18518 



PCT/US97/19704 



tissue adhesive or biological sealant would then exit the 
orifice mixer and nozzle. 

The in-line orifice mixer comprises a plurality of 
orifice plates each providing one or more orifices. The 
5 orifice mixer is advantageous in that it generates a high 
extensional and low rotational fluid flow and subjects the 
fluid to continual reversals in the extension direction 
resulting in repeated alternating extensional and 
compressional flow. Specifically, in an orifice mixer, 

10 extensional flow is generated as fluid is accelerated from a 
relatively large cross-sectional area of a region before an 
orifice plate through the constriction of an orifice- After 
passing through an orifice, the fluid experiences a region of 
compressional flow. Thus, an extensional flow is created at 

15 an orifice entrance and a compressional flow is created at an 
orifice exit region, resulting in the desirable repeated 
alternating extension-compression flow. As a result, an 
orifice mixer can achieve a more homogeneous mixing of a 
plurality of components, even where the components have a 

2 0 relatively high viscosity ratio. 

One method of delivering the mixture from the mixer 
of the present invention to a target area is to eject the 
mixture through a spray nozzle. An alternative to the swirl - 
type spray nozzle is preferred and an elliptical or 
25 noncircular orifice spray nozzle is one such alternative. 
Due to the nonuniform stresses caused by a noncircular 
orifice, atomization may occur without a swirl chamber. 
However, a fan-shaped, conical, rather than circular, spray 
would result. Thus, if a sheet spray is acceptable, a 

3 0 simple, noncircular exit orifice can be used that would avoid 

the need of a swirl section. One embodiment of the present 
invention provides an elliptical orifice preferably disposed 
in the center of the last orifice plate of the orifice mixer 
to serve as an elliptical spray nozzle. Alternatively, the 
35 last orifice plate may provide multiple orifices and/or 

orifices of other shapes, such as slots. Nonspray methods of 
delivering the mixture from the mixer to a target area may 

- 4 - 
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also be used, such as by attaching the mixer to one end of a 
cannula, catheter, or endoscopic device. 

BRIEF DESCRIPT ION OF THE DRAWTWHfi 
5 FIG. 1 is a side view of a standard syringe; 

FIG. 2 is a partial cross-sectional view of a cell 
separator with the syringe of FIG. 1 before centrifugation, 
according to a preferred embodiment of the present invention; 
FIG. 3 is a partial cross-sectional view of the 
10 cell separator of FIG. 2 after centrifugation; 

FIG. 4 depicts an alternative syringe body end; 
FIG. 5 is a side view of a dual syringe mixer 
assembly, according to a preferred embodiment of the present 
invention; 

15 FIG - 6 is a cross-sectional view of an in-line 

orifice mixer according to the invention; 

FIG. 7 is a top view of an orifice plate of the in- 
line orifice mixer of FIG. 6; 

FIG. 8 is a top view of an exit orifice plate of 
20 the in-line orifice mixer, according to the preferred 
embodiment of the present invention; and 

FIG. 9 is a cross-sectional view of an in-line 
orifice mixer according to an alternative embodiment of the 
present invention. 

25 

DETAILE D DESCRIPTION OP THE TTJVWMTTnM 
As shown in FIG. 1, a standard syringe 10 for use 
with the present invention includes syringe body 12, needle 
fitting 14, needle 16, handle 18, and plunger 20. Syringe 10 
30 operates in a known manner to draw a blood sample from a 
patient. Preferably, syringe 10 contains an anticoagulant 
such as sodium citrate, heparin or EDTA. 

Referring to FIG. 2, standard syringe 10 has been 
used to draw blood sample B from a patient and the blood 
35 sample is contained therein. Needle 16 has been removed and 
syringe 10 is ready to be placed into cell separator 22 by 
guiding syringe 10 along syringe guide members 32 and by 

- 5 - 
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mating needle fitting 14 with syringe fitting 30. 
Alternatively, tubular body 24 may be dimensioned such that 
syringe guide members 32 are not necessary to guide syringe 
10 into cell separator 22- Pitting 30 is mounted on fixed 
5 barrier 28 within tubular body 24. Fitting 30 permits 
passage of cells through the fixed barrier and into a cell 
space 33 (see FIG. 3) which is created when moveable plunger 
26 of separator 22 moves downward during centrif ugation. 
Mating fittings 14 and 30 may be selected from commercially 

10 available fittings. Cell separator 22 can be conveniently 
made by modifying a standard syringe (larger in size than 
syringe 10) according to the teachings contained herein. 
Syringe handle 18 may be removed depending on the 
requirements of the centrif ugation device to be used. 

15 After assembly, as shown in FIG. 3, the syringe- 

cell separator assembly is then placed into the 
centrif ugation device and centrif uged. During 
centrif ugation, heavier cells C separate and move through 
syringe fitting 30 into cell space 33 defined between fixed 

20 barrier 28 and movable plunger 26. Simultaneously, both 
syringe plunger 20 and movable plunger 26 of separator 22 
travel by centrif ugation force toward stop members 34. Stop 
members 34 are positioned to control the volume of material 
which passes through syringe fitting 30 into cell space 33 

25 during centrif ugation in order to prevent loss of plasma. 
The final volume of cell space 33 thus can be controlled as 
desired to obtain particular results in different 
applications. 

After centrif ugation, plasma P remains in syringe 

30 body 12. Syringe 10 can then be removed from syringe fitting 
30. In addition, syringe handle 18 may be reattached to 
syringe 10 to remove plasma P from syringe body 12. In order 
to remove cells C for use in other applications, additional 
handle 18 A may be attached to fitting 3 6 on plunge 26 to 

35 permit expulsion of the cells through fitting 30. 

Alternatively, cells C can remain captive within cell 

- 6 - 
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separator 22 which may be discarded with minimal risk of 
contamination to the medical personnel. 

Standard syringes frequently include a relatively 
sharp interior corner 51 in syringe body 12 where diameter of 
5 body 12 decreases from that of syringe plunger 20 to that of 
needle fitting 14. The sharpness of interior corner 51 can 
cause a residual deposit of cells R after cell separation by 
centrifugation, as shown in FIG. 3. In applications where 
residual deposit of cells R may be undesirable, alternative 
10 syringe end 52, as shown in FIG. 4, may be used. Alternative 
syringe end 52 provides a continuous gradient resulting in a 
gently curved syringe body wall 54 leading to needle fitting 
14 to eliminate the comer where cells may tend to stick. 

As shown in FIG. 5, syringe 10 containing plasma P 
15 may be placed in dual syringe applicator 4 0 by attaching 
needle fitting 14 to a manifold, such as Y connector 42, at 
syringe fitting 48a. Second component syringe 50 can be 
similarly attached to Y connector 42 at syringe fitting 48b. 
Examples of second components are calcium ion, thrombin, or 
2 0 other procoagulants . in a preferred embodiment, second 
component S is a thrombin- collagen component which, when 
properly mixed with plasma P, creates a bio -compatible 
adhesive. Y connector 42 connects the outlets of syringe 10 
and second component syringe 50 to the inlet 56 of orifice 
25 mixer 44. Thus, plasma P and second component S are 

simultaneously forced through Y connector 42 into orifice 
mixer 44 via mixer inlet 56. The dual syringe Y-connector 
and various associated fittings thus far described are known 
components which may be configured by a person of ordinary 
30 skill in the art. For purposes of brevity, the discussion 
contained herein is principally directed to the use of two- 
component systems. Nevertheless, it is easily understood by 
one skilled in the art that the methods 8 apparatus of the 
present invention can accommodate systems with more than two 
3 5 component s . 

Orifice mixer 44, according to the present 
invention will be described in greater detail. As previously 
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discussed, common prior art helical mixers primarily induces 
shear flow. The shear flow is composed of an equal 
proportion of two basic flow types: elongational or 
extensional flow and rotational flow. It is the extensional 
5 flow component which causes component mixing by effecting 
fluid droplet deformation and break-up. In contrast, the 
rotational flow component inhibits droplet deformation by 
rotating an extended droplet into a state of compression. 
Where the two components to be mixed have a relatively large 

10 viscosity ratio, as in the case of the high viscosity 

collagen composite material and the low viscosity plasma, use 
of a shear flow may be ineffective in producing the desirable 
high level of droplet break-up and mixing. Therefore, in 
contrast to a shear flow, a flow that is minimally rotational 

15 and highly extensional would be more efficient and effective 
in achieving mixing of components with a high viscosity 
ratio . 

In addition, subjecting the fluid mixture to 
continual reversals in the extensional direction resulting in 

20 repeated alternating extensional and compressional flow can 
greatly improve the rate of droplet break-up and mixing. 
Such repeated alternating extension-compression amplifies 
droplet break-up and mixing as it serves to extend, fold, and 
break fluid filaments. Accordingly, orifice mixer 44 of the 

25 present invention simultaneously produces a minimally 
rotational highly extensional flow as well as a repeated 
alternating extension-compression flow. 

Referring to FIGS. 7 and 8, orifice mixer 44 
contains a plurality of orifice plates 58, each disposed a 

30 distance from one or more adjacent orifice plates. For 

example, orifice mixer 44 may be a stainless steel syringe 
coupling (luer lock design) comprising a tube of inner 
diameter 4.3mm and length 7mm. Each orifice plate 58 
provides one or more orifices 60. Orifice plates 58 may be 

35 plastic with different orifice sizes such as 0.5mm, 0.75mm, 
and 1.0mm. Orifice plates 58 may be integrally formed, such 
as by injection molding, so that orifice plates 58 are 
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interconnected by one or more coupling members (not shown) 
along edges of orifice plates 58. Orifice plates may then be 
placed within mixer 44 such that the coupling members are 
along length of mixer 44. Orifice plates 58 may also be 
5 separately formed. Alternatively, a portion of each orifice 
plate 58 may be integrally formed with a portion of body of 
mixer 44 such that two or more of the plate -body portions 
combine to form mixer 44 . 

Orifice 60 may be located at the center of orifice 
10 plate 58 or offset from the center by, for example, 1mm, 
depending on plate size. Preferably one or more of the 
orifices 60 of each orifice plate 58 do not align with the 
one or more adjacent orifices 60 of the one or more adjacent 
orifice plates 58. Non-alignment of orifices 60 avoids 
15 channeling of the mixture from one orifice to the next. As 
components P and S are forced through orifice plates 58, 
components P and S are mixed, resulting in a homogenous mix 
of tissue adhesive. 

As shown in FIGS. 6 and 8, orifice mixer 44 may 
20 also contain exit nozzle 46. Exit nozzle 46 contains exit 
orifice plate 62. with one or more elliptical exit orifice 64. 
Thus, a homogeneous mix of components P and S is forced 
through exit orifice 64 and exits exit nozzle 46 in an 
aerosol or near-aerosol form. The elliptical shape of the 
25 orifice is preferred for use with the orifice plate mixer due 
to the lack of spiral motion of the mixed fluid. Alternative 
embodiments of exit orifice plate 62 (not shown) provides 
multiple exit orifices and/or exit orifices of other shapes, 
such as slots. Alternatively, orifice mixer 44 may be placed 
3 0 at one end of a cannula, catheter, or endoscopic device in 
order to deliver a homogeneous mix of components P and S from 
orifice mixer 44 to a target area. 

In an alternative embodiment shown in FIG. 9, one 
or more orifice plates 58 are coated with a third component 
35 X, and thus orifice mixer 44' can also serve as a source of 
component. As a result, when the first component is forced 
from syringe 10 through orifice plates 58, component X, 
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miscible and soluble with component P, is quickly mixed into 

component P. Substances which may be useful as component X 

include catalysts, crosslinkers such as activated 

multifunctional polyethylene glycol (PEG) , therapeutic agents 

5 such as antibiotics and therapeutic growth factors, or other 

biomaterials that may be suspended or dissolved into a 

flowable form. In yet another alternative embodiment, one or 

more orifice plates 58 can be made of a catalytic material or 

modified to be catalytic in order to initiate polymerization. 

10 In these embodiments, it may be desirable to utilize syringe 

t 

10 with mixer 44' alone where the only additional component 
to be mixed with the first component is compatible with such 
an application. In this case, mixer 44' may be adapted to 
mate directly with needle fitting 14. 

15 Although various embodiments of the present 

invention have been described, the descriptions are intended 
to be merely illustrative. Thus, it will be apparent to 
those skilled in the art that modifications may be made to 
the embodiments as described without departing from the scope 

20 of the claims set forth below. In particular, the various 
components of the invention described herein may be used 
separately or apart from other components, or in different 
combinations, without departing from the invention. 

25 



30 



35 



- 10 - 



JDOCID: <WO 9818518A1_iA> 



WO 98/18518 



PCT7US97/19704 



What is claimed is; 

1. A system for selectively separating fluid and 
material from a sample and mixing and dispensing fluid, 
comprising: 

5 a syringe having a syringe body with a fitting at 

an end adapted to receive a syringe needle and to contain a 
sample including fluid and material to be separated; and 

a separator assembly comprising, a hollow body of 
sufficient si 2e to receive the syringe body therein, means 
10 for securing the syringe body in the hollow body and means 
adapted to communicate with the syringe to receive material 
from the syringe when separated by centrif ugation . 

2 - The s y stem according to claim 1, wherein the 
15 means to receive material comprises first and second walls 

within the hollow body wherein at least one wall is moveable 

to define an expandable space for receiving material. 

3 - ThS s y stem according to claim 2 wherein the 
20 first wall is f ixe d to the hollow body and the second wall 

slides within the hollow body. 

4 . The system according to claim 3 , further 
comprising at least one stop member positioned within the 
25 separator assembly and cooperating with the sliding wall to 
define a predetermined maximum volume for the expandable 
space . 

5 - ThS ByStem wording to claim a# wherein the 
30 securing means comprises a fitting mounted on one of the 

walls, said fitting configured and dimensioned to mate with 
the syringe fitting to support the syringe and permit passage 
of material into the expandable space. 

35 6 - The System according to claim 5, wherein said 

securing means further comprises a guide member positioned on 
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the hollow body to guide and support the syringe body in the 
hollow body. 

7. The system according to claim 2, further 

5 comprising a handle member attachable to the moveable wall 
for expelling material from the expandable space. 

8. The system according to claim 1, further 
comprising a mixing member adapted to communicate with the 

10 syringe fitting for receiving and mixing fluid therefrom. 

9. The system according to claim 8 wherein the 
mixing member comprises a tubular body member with a 
plurality of parallel walls extending transversely across the 

15 interior of the body member, each wall defining at least one 
hole, said holes being generally nonaligned so as to provide 
a tortuous path for fluid passing through the mixing member 
and thus impart a mixing effect to the fluid. 

20 10. The system according to claim 9, further 

comprising a manifold adapted to be mounted between the 
syringe fitting and mixing member to provide fluid 
communication with a second syringe containing a second fluid 
such that fluids from two syringes are mixed in the mixing 

25 member. 

11. The system according to claim 9 wherein at 
least one of said parallel walls is provided with a substance 
on its surface such that fluid from the syringe is mixed with 

3 0 the substance upon passing through the mixing member. 

12. A system for selectively separating a first 
substance and a second substance from a sample and mixing and 
dispensing the first substance , comprising : 

35 a syringe having a syringe body with a fitting at 

an end adapted to receive a syringe needle and to contain a 
sample to be separated ; 
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a separator assembly comprising, 

an elongate tubular body with at least one open end 
configured and dimensioned to receive the syringe body 
therethrough such that the tubular body supports the syringe 
5 body; 3 

a fixed wall positioned within the tubular body; 
a fitting member mounted on the fixed wall adapted 
to receive the syringe fitting and permit passage of the 
second substance through the fixed wall; 
10 a sliding wall mounted in the tubular body in 

sealing contact with the tubular body to define a chamber 
between said walls having a variable volume; and 

a mixing member configured and dimensioned to be 
mounted in communication with the syringe fitting to receive 
15 the first substance from the syringe for mixing, said mixing 
member comprising a tubular body member with a plurality of 
at least substantially parallel walls extending transversely 
across the interior of the body member, each wall defining at 
least one hole, said holes being generally nonaligned so as 
20 to provide a tortuous path for the first substance passing 
through the mixing member and thus impart a mixing effect to 
the fluid. 

13. The system according to claim 12, further 
25 comprising a manifold adapted to be mounted between the 
syringe fitting and mixing member to provide • fluid 
communication with a second syringe containing a material 
such that the first substance and the material are mixed in 
the mixing member. 



30 



35 



14 . An apparatus for separating blood plasma and 
cells , comprising : 

an elongate tubular body with at least one open 
end; * 

a fixed wall positioned within the tubular body; 
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a fitting member mounted on the fixed wall adapted 
to receive a syringe fitting and permit passage of fluid 
through the fixed wall; and 

a sliding wall mounted in the tubular body in 
5 sealing contact with the tubular body to define a chamber 
between said walls having a variable volume. 

15. The apparatus according to claim 14, wherein 
the tubular body open end is configured and dimensioned to 

10 receive a syringe therethrough and the tubular body supports 
the syringe when received on the fitting member. 

16 . The apparatus according to claim 14 further 
comprising at least one stop member cooperating with the 

15 sliding wall to provide a predetermined maximum volume for 
the chamber . 

17. A fluid separation apparatus, comprising: 
a tubular member adapted to be centrifuged and 

20 capable of receiving a syringe-like device which contains a 

source fluid; 

a first barrier disposed inside the tubular member 
to retain a first separated portion of the source fluid 
within the first body member, wherein the first barrier 
25 provides an opening for passage of the first separated 

portion from the syringe- like device upon centrif ugation; and 

a second barrier slidably disposed within the 
tubular member opposite the first barrier to define an 
expandable chamber for receiving the first separated portion. 

30 

18. The apparatus according to claim 17, further 
comprising stop means for stopping the sliding of the second 
barrier so as to provide a predetermined maximum volume for 
the expandable chamber and first separated portion received 
35 therein. 
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19. The apparatus according to claim 17, wherein 
the first barrier includes a fitting opposite the expandable 
chamber for securing a syringe-like device. 

5 20. An in-line mixer for homogeneously mixing 

fluid components, comprising: 

a body member, wherein the body member has a length 
and an inlet for receiving at least one component fluid; and 

a plurality of at least substantially parallel 
10 orifice defining, walls disposed inside the body member ' 
generally transverse to the direction of fluid flow and 
spaced along the length of the body member; 

wherein each orifice defined by said wails is non- 
aligned relative to orifices of adjacent walls. 

15 

21. The in-line mixer according to claim 20 
wherein said walls are separate members placed within said 
body member. 

20 22 * The in -line mixer according to claim 20 

wherein said orifice defining walls are integrally formed in 
a one piece element. 

23. The in-line mixer according to claim 20 

25 wherein at least one orifice defining wall is coated with a 
material mixable with fluid passing through the mixer. 

24. The in-line mixer according to claim 20 
wherein at least one orifice defining wall is made of a 

30 -talytic material capable of initiating polymerization with 
riuid passing through the mixer. 

25. The in-line mixer according to claim 20, 
further comprising a wall defining one or more exit orifices 
at an end of the body member, wherein said wall is at least 
substantially parallel to said orifice defining walls 
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26. The in-line mixer according to claim 25, 
wherein at least one of the one or more exit orifices is 
elliptical. 

5 27. The in-line mixer according to claim 20, 

wherein a catheter is placed at one end of the body member. 

28 . A method for separating fluids into component 
fractions of varying densities, comprising the steps of: 
10 collecting a source fluid in a first body member; 

attaching the first body member to a second body 
member so as to provide fluid communication between the body 
members ; 

centrifuging the body members together to separate 
15 the source fluid into a first fraction having a greater 
density and a second fraction; 

collecting and retaining the first fraction in the 

second body member; and 

retaining the second fraction in the first body 

20 member. 

29. The method according to claim 28, wherein the 
second body member defines a chamber having a variable volume 
for receiving the first fraction, said volume being 

25 expandable in response to the centrifuging. 

30. The method according to claim 29, further 
comprising the step of controlling the amount of fluid 
entering the second member chamber by limiting expansion of 

30 the chamber volume. 

31. The method according to claim 29, wherein: 
the first body member comprise a syringe with a 

needle ; 

35 the collecting step comprises drawing the source 

fluid into the syringe; and 
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the attaching step comprises removing the syringe 
needle and securing the syringe to the second body member and 
in fluid communication with the chamber. 

5 32. The method according to claim 28 further 

comprising mixing at least one of the first and second 
separated fractions with a third substance, wherein said 
mixing comprises forcing the separated fraction through a 
tortuous path defined by series of walls having non-aligned 
10 orifices for passage of substances therethrough. 

33. The method according to claim 32 wherein said 
mixing further comprises combining the separated fraction 
with a fluid third substance in connection with said forcing 



15 



20 



34. The method according to claim 32 wherein said 
mixing further comprises coating at least one of said walls 
with the third substance and contacting the third substance 
and separated fraction during said forcing. 



35. A method for homogeneously mixing a multi- 
component mixture, comprising forcing said components to flow 
together through a tortuous path defined by a series of walls 
having non-aligned orifices for passage of components 

25 therethrough. 

36. The method according to claim 35, further 
comprising the step of creating at least a partial aerosol by 
discharging the mixed components through one or more exit 

30 orifices. 



37. The method according to claim 36, wherein at 
least one of the one or more exit orifices is elliptical. 

35 38. A method for selectively separating a sample 

and mixing and dispensing a separated portion of the sample, 
comprising the steps of: 
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inserting a first syringe containing the sample 
into a body member, wherein the body member provides a 
fitting at an end adapted to receive a first separated 
fraction of the sample from the syringe; 
5 separating the sample into the first separated 

fraction and a second separated fraction, wherein the first 
separated fraction flows through the fitting into the body 
member and the second separated fraction remains in the 
syringe ; 

10 removing the first syringe containing the second 

separated fraction; 

providing a second syringe containing a third fluid 

component ; and 

forcing the second separated fraction and third 
15 fluid component from the syringes to flow together through a 
tortuous path defined by a series of walls having non-aligned 
orifices for passage of said fluids therethrough. 
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